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(57) ABSTRACT 

A tape carrier package is stacked on an array substrate While 
interposing a thermosetting type anisotropic conductive 
adhesive betWeen a plurality of ?rst conductors formed on 
the end portion of the array substrate and a plurality of 
second conductors formed on the tape carrier package. 
Subsequently, a heater tool of a thermocompression bonding 
apparatus applies pressure and heat to the anisotropic con 
ductive adhesive via the tape carrier package. In this case, 
the anisotropic conductive adhesive is sloWly heated up to 
its hardening end temperature to harden after it softens, 
thereby thermocompression bonding the ?rst and second 
conductors to each other by the anisotropic conductive 
adhesive. 

13 Claims, 7 Drawing Sheets 
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THERMOCOMPRESSION BONDING 
METHOD FOR ELECTRICALLY AND 
MECHANICALLY CONNECTING 

CONDUCTORS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a division and claims priority to parent 
application Ser. No. 08/807,801 ?led Feb. 27, 1997, now 
US. Pat. No. 5,810,959. 

BACKGROUND OF THE INVENTION 

The present invention relates to a thermocompressing 
bonding method for electrically and mechanically connect 
ing electronic components such as printed circuit boards and 
the like using a thermosetting type anisotropic conductive 
adhesive ?lm. 

In recent years, When tWo printed circuit boards having 
conductor patterns are to be connected to each other, ther 
mocompressing bonding for connecting them using an 
anisotropic conductive adhesive ?lm is used. More 
speci?cally, according to thermocompressing bonding, 
When a circuit board having a plurality of parallel conductor 
patterns and another circuit board having a plurality of 
parallel conductor patterns at the same pitch as that of the 
former circuit board are to be electrically and mechanically 
connected to each other, these circuit boards are arranged so 
that the conductor patterns face to each other, and a ther 
mosetting anisotropic conductive adhesive ?lm is interposed 
betWeen these tWo conductor patterns. In this state, a ther 
mocompressing head applies heat and pressure to the circuit 
boards and adhesive ?lm from the side above one circuit 
board. Thus, the anisotropic conductive adhesive ?lm estab 
lishes conductivity in its thickness direction, so that the 
circuit boards are mechanically and electrically connected to 
each other. 

A thermosetting type anisotropic conductive adhesive 
?lm is prepared by dispersing metal ?ne particles (Ni, 
carbon) in a thermosetting resin ?lm. The thermosetting type 
anisotropic conductive adhesive ?lm hardens after the resin 
softens by heating/compressing, thereby mechanically con 
necting the circuit boards to each other, and the metal ?ne 
particles dispersed in the resin form conductive structures, 
thereby electrically connecting the conductor patterns to 
each other. 

As typical methods of applying heat and pressure in 
thermocompression bonding, a constant heat method, and 
pulse heat method are knoWn. 

According to the constant heat method, the temperature of 
the thermocompressing head is maintained constant during 
the thermocompression bonding process, and a compression 
force is applied to the circuit boards for a predetermined 
period of time, thereby changing the temperature of the 
anisotropic conductive adhesive ?lm. 

According to the pulse heat method, a thermocompressing 
head nearly concurrently applies heat (at a predetermined 
temperature) and a compression force to the circuit boards 
for a predetermined period of time, thereby changing the 
temperature of the anisotropic conductive adhesive ?lm by 
means of Joule heat produced at that time. 

With the constant heat method, thermocompression bond 
ing can be realiZed by a relatively inexpensive apparatus. 
HoWever, the freedom of temperature control is loW, so that 
it is dif?cult to obtain suitable temperature Waveforms With 
respect to a various types of objects. 
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2 
With the pulse heat method, since the freedom of tem 

perature control is high, a suitable temperature Waveform 
can be easily selected. 

HoWever, in the pulse heat method, since the temperature 
of the thermocompressing head rises quickly, the anisotropic 
conductive adhesive ?lm abruptly melts and spreads. Thus, 
the compression force applied to the circuit boards and 
adhesive ?lm loWers abruptly, so that it is dif?cult to 
suppress the thermal eXpansion of the circuit boards, thereby 
causing positional shifts of the circuit boards. Further, 
positional shifts of the circuit boards are also caused by the 
loWering of the compression force applied to the circuit 
boards. 

Such positional shift of the circuit boards results in 
electrical connection errors betWeen the conductor patterns, 
thus considerably impairing the reliability of electrical con 
nections. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide a 
thermocompression bonding method and apparatus, Which 
can assure stable electrical and mechanical connections 
betWeen electronic components Without causing any posi 
tional shift. 

In order to achieve the above object, according to the 
present invention, in a thermocompression bonding method 
a thermosetting type anisotropic conductive adhesive is 
interposed betWeen ?rst and second conductors and the ?rst 
and second conductors are electrically and mechanically 
connected to each other by applying heat and pressure from 
the side above the ?rst and second conductors; thermocom 
pression bonding is attained by sloWly raising the tempera 
ture of the anisotropic conductive adhesive up to its ther 
mosetting end temperature. 

In this case, the compression force to be applied to the 
anisotropic conductive adhesive is raised abruptly, and the 
temperature of the anisotropic conductive adhesive is sloWly 
increased up to the thermosetting end temperature. 

According to the present invention, in a thermocompres 
sion bonding method in Which a thermosetting type aniso 
tropic conductive adhesive is interposed betWeen ?rst and 
second conductors and the ?rst and second conductors are 
electrically and mechanically connected to each other by 
applying heat and pressure from the side above the ?rst and 
second conductors; the anisotropic conductive adhesive is 
instantaneously heated to the softening start temperature, 
and thereafter, is sloWly heated up to the hardening end 
temperature. 
As described above, With the thermocompression bonding 

method according to the present invention, since the heating 
temperature of the anisotropic conductive adhesive is sloWly 
increased to the hardening end temperature, the anisotropic 
conductive adhesive can be prevented from abruptly melting 
and receding. As a consequence, the compression force 
applied to the ?rst and second conductors can be prevented 
from loWering abruptly, and hence, positional shifts betWeen 
the ?rst and second conductors can be prevented. 

Furthermore, a thermocompression bonding method 
according to the present invention comprises the steps of: 
stacking conductors of ?rst and second electronic compo 
nents With interposing a thermosetting type anisotropic 
conductive adhesive therebetWeen; applying a pressure to 
the anisotropic conductive adhesive via one of the ?rst and 
second electronic components by using a thermocompres 
sion bonding head, Which produces Joule heat in accordance 
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With a current applied thereto; and supplying a current, 
Which is based on a setting voltage Waveform including a 
?rst level region, a second level region higher than the ?rst 
level, and an inclined region betWeen the ?rst and second 
level regions, to the thermocompression bonding head While 
applying the pressure, to sloWly heat the anisotropic con 
ductive adhesive to a thermosetting end temperature thereof 
so as to harden the anisotropic conductive adhesive after it 
softens, thereby thermocompression bonding the conductors 
of the ?rst and second electronic components by the aniso 
tropic conductive adhesive. 

Athermocompression bonding apparatus according to the 
present invention comprises: a thermocompression bonding 
head for producing Joule heat in accordance With a current 
supplied thereto; pressing means for pressing the thermo 
compression bonding head against one of ?rst and second 
electronic components Which are stacked to sandWich a 
thermosetting type anisotropic conductive adhesive betWeen 
conductors thereof, and applying a predetermined pressure 
to the anisotropic conductive adhesive via one of the ?rst 
and second electronic components; and current supply 
means for supplying, to the thermocompression bonding 
head, a current Which is based on a setting voltage Waveform 
including a ?rst level region, a second level region higher 
than the ?rst level, and an inclined region betWeen the ?rst 
and second level regions. 

Additional objects and advantages of the invention Will be 
set forth in the description Which folloWs, and in part Will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realiZed and obtained by means of the instrumen 
talities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

The accompanying draWings, Which are incorporated in 
and constitute a part of the speci?cation, illustrate presently 
preferred embodiments of the invention and, together With 
the general description given above and the detailed descrip 
tion of the preferred embodiments given beloW, serve to 
eXplain the principles of the invention. 

FIGS. 1 to 5 shoW a thermocompression bonding appa 
ratus according to an embodiment of the present invention, 
in Which: 

FIG. 1 is a perspective vieW shoWing the overall 
apparatus, 

FIGS. 2A and 2B are respectively a front vieW and a 
sectional vieW shoWing a thermocompression bonding head 
device of the apparatus, 

FIG. 3 is a block diagram shoWing a control unit and a 
current supply circuit of the apparatus, 

FIG. 4 is a graph schematically shoWing a setting voltage 
Waveform and a current Waveform, and 

FIG. 5 is a graph shoWing the changes in temperature of 
a heater tool and an anisotropic conductive adhesive ?lm in 
the thermocompression bonding head device; 

FIG. 6 is a perspective vieW shoWing a liquid crystal 
display panel, TCP, and driving circuit to be thermocom 
pression bonded by the thermocompression bonding appa 
ratus; 

FIG. 7 is a partially enlarged perspective vieW of the 
liquid crystal display panel; 

FIG. 8 is an enlarged perspective vieW of the TCP; 
FIG. 9 is a plan vieW shoWing the state Wherein the TCP 

is aligned on an array substrate of the liquid crystal display 
panel; 
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FIG. 10 is a sectional vieW shoWing the state Wherein the 

TCP is aligned on the array board of the liquid crystal 
display panel; 

FIG. 11 is a graph shoWing changes in pressure and 
temperature of the heater tool and changes in temperature of 
an anisotropic conductive adhesive ?lm upon thermocom 
pression bonding; and 

FIG. 12 is a graph shoWing changes in pressure and 
temperature of the heater tool and changes in temperature of 
an anisotropic conductive adhesive ?lm upon thermocom 
pression bonding according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A thermocompression bonding method and apparatus 
according to an embodiment of the present invention Will be 
described in detail With reference to the accompanying 
draWings. 

In this embodiment, a thermocompression bonding 
method and apparatus Will be described With reference to a 
case Wherein a tape carrier package (hereinafter referred to 
as a TCP) is thermocompression bonded to an array sub 
strate that constitutes a liquid crystal display panel, and a 
plurality of lead lines on the array substrate are electrically 
and mechanically connected to those of the TCP. The TCP 
has a ?eXible printed Wiring board formed of polyimide and 
the like, and a driving element mounted thereon. The array 
substrate and the TCP serve as ?rst and second electronic 
components, respectively. 
The thermocompression bonding apparatus according to 

this embodiment Will be eXplained. As shoWn in FIG. 1, the 
thermocompression bonding apparatus comprises a base 10 
and a support frame 12 mounted on the base. An X-Y table 
14 is arranged on the upper surface of the base 10, and on 
the X-Y table is arranged a stage 16 on Which a liquid crystal 
display panel or the like as a Work (to be described later) is 
placed. 
A thermocompression bonding head device 20 compris 

ing a heater tool 18 (to be described later) is arranged above 
the stage 16. The thermocompression bonding head device 
20 is attached to a movable base 24 via an air cylinder 22. 
The movable base 24 is arranged on a horiZontal frame 26, 
Which horiZontally eXtends above the stage 16, of the 
support frame 12. With this arrangement, the thermocom 
pression bonding head device 20 is vertically and horiZon 
tally movable With respect to the stage 16. 
An operation panel 28 for controlling the operations of the 

X-Y table 14, air cylinder 22, heater tool 18, and the like is 
arranged on the front portion of the support frame 12. 
As shoWn in FIGS. 2A and 2B, the thermocompression 

bonding head device 20 includes a planar base portion 30 
?Xed to the air cylinder 22, a cubic support block 32 
rotatably supported by the base portion, and the heater tool 
18 ?Xed to the support block. 
The support block 32 has a through hole 34, Which is 

formed to eXtend through the central portion of the block 32 
and has a circular section. This through hole 34 is open to a 
front surface 32a and a rear surface 32b of the support block 
32. A cylindrical sleeve 36 is inserted into the through hole 
34 from the front surface 32a side of the support block 32. 
The support sleeve 36 has a predetermined diameter With 
respect to the through hole 34, and is rotatably ?tted in the 
through hole 34 in a predetermined ?tting state. 
One end of the support sleeve 36 protrudes from the rear 

surface 32b of the support block 32, and is ?tted into the 
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base portion 30. A ?ange 38 is formed at the other end of the 
support sleeve 36, and faces the front surface 32a of the 
support block 32 With a predetermined interval therebe 
tWeen. 

A rotation shaft 40 is inserted into the support sleeve 36 
from the ?ange 38 side. The rotation shaft 40 is ?tted into the 
inner hole of the support sleeve 36 in a predetermined ?tting 
state, and is rotatable With respect to the support sleeve. The 
rotation shaft 40 has a distal end portion 41 projecting from 
the support sleeve 36. A threaded portion is formed on the 
distal end portion 41, and is screWed into the base portion 
30. A large-diameter head portion 42 is formed at the other 
end side of the rotation shaft 40, and contacts the ?ange 38 
via a plain Washer 44 and a spring Washer 45. 
By screWing the distal end portion 41 of the rotation shaft 

40 into the base portion 30 by means of the head portion 42, 
the support sleeve 36 is fastened and ?xed to the base 
portion. The support block 32 is rotatably supported by the 
support sleeve 36. 
A pair of belleville springs 46 are inserted betWeen the 

?ange 38 of the support sleeve 36 and the front surface 32a 
of the support block 32 While being Wound around the 
support sleeve 36. The support block 32 is biased toWard the 
base portion 30 by these belleville springs 46, and its rear 
surface 32b is in tight contact With the base portion 30. With 
this structure, cluttering of the support block 32 in the aXial 
direction of the support sleeve 36 is suppressed. 

Furthermore, a pair of set screWs 48 serving as lock means 
are screWed into the base portion 30 from the front surface 
32a side of the support block 32 via the support block 32. By 
fastening these set screWs 48, the support block 32 is locked 
at a predetermined rotational position. Plain Washers (not 
shoWn) and spring Washers 51 are interposed betWeen the 
head portions of the set screWs 48 and the front surface 32a 
of the support block 32. 
On the other hand, the heater tool 18 has a pair of 

opposing leg portions 50 Which are parallelly separated by 
a predetermined interval, and a distal end portion 52 Which 
couples the one-end portions of these leg portions, and is 
formed into a nearly U shape. The distal end portion 52 has 
a ?at bottom surface 52a, Which eXtends horiZontally. The 
heater tool 18 is formed of, e.g., iron, and the distal end 
portion 52 is formed to be suf?ciently thin, so as to obtain 
the highest electrical resistance possible. The Width of the 
distal end portion 52 is set to be about 20 to 30 mm. 

The heater tool 18 With the above arrangement is detach 
ably ?Xed to the support block 32 by ?Xing the pair of leg 
portions 50 to a shank 54 ?Xed to the loWer surface of the 
support block 32. The shank 54 is formed by plating the 
surface of a conductive material, e.g., copper, With gold, and 
is connected to a current supply circuit 58 and a control unit 
59 via a current supply lines 56. When current is supplied 
from the current supply circuit 58, the heater tool 18 is 
energiZed via the shank 54, and the distal end portion 52 
With high electrical resistance of the heater tool produces 
Joule heat according to the supplied currents. 
A thermocouple 60 for detecting the temperature of the 

heater tool 18 is attached to the heater tool 18, and inputs a 
detection signal to the control unit 59. 
An adjustment lever 57 is ?Xed to the upper surface of the 

support block 32 via a bracket, and projects in the radial 
direction of the support sleeve 36. The length of the adjust 
ment lever 57 is set to be 80 to 150 mm. By rotating the 
support block 32 about the support sleeve 36 by pressing the 
distal end portion of the adjustment lever 57, the heater tool 
18 rotates together With the support block 32, and the degree 
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6 
of parallelism of the bottom surface 52a of the heater tool 
With respect to the portion to be compression bonded can be 
adjusted. 
The thermocompression bonding apparatus comprises a 

current supply circuit 58 serving as current supply means for 
supplying current to the heater tool 18 so as to heat it, and 
a control unit 59 for controlling the operation of the current 
supply circuit 58. 
As shoWn in FIGS. 3 and 4, the control unit 59 has an 

adder 62, into Which a predetermined setting value 1 is input. 
The setting value 1 is, for eXample, a voltage of 0.5 V. The 
adder 62 also receives an output Which increases at a 
predetermined rate (time constant "5: variable), from an 
integrator 64, and adds the output to the setting value 1. As 
a consequence, the output from the adder 62 increases 
gradually. 
The output from the adder 62 is compared by a compara 

tor 70 With setting value 2, e.g., a voltage of 1.5 V, and is 
input to one of the terminals of a subtracter 66. The output 
from the adder 62 reaches the setting value 2 by about 3 
seconds, and at this time, a sWitch 65 is sWitched. With this 
sWitching operation, hereinafter, an output corresponding 
the setting value 2 is input to the subtracter 66 by about 17 
seconds. In FIG. 4, a solid line X represents a setting voltage 
Waveform Which is input to the one of the input terminals of 
the subtracter 66 through the sWitch 65. In this embodiment, 
the temperature of the heater tool 18 is controlled based on 
the setting voltage Waveform. 
As shoWn in FIG. 4, the above-mentioned setting voltage 

Waveform includes a ?rst level region a corresponding to the 
setting value 1, a second level region b corresponding to the 
setting value 2, and an inclined region c interposed betWeen 
these ?rst and second level regions. By changing the time 
constant of the integrator 64 to '51, "c2, and "c3 ('cl<"c2<'c3), a 
voltage c to be input to the subtracter 66 is adjusted, thereby 
adjusting the slope of the inclined region c. The adjustment 
is performed in response to an input operation of the 
operation panel 28. 
A convertor 67 is connected to the other input terminal of 

the subtracter 66. The convertor 67 converts the signal from 
the thermocouple 60, Which is ?Xed to the heater tool 18, to 
a voltage and input it to the subtracter 66. Thereafter, the 
output from the substrate 66 is controlled While feeding back 
the temperature measured by the thermocouple 60 so that the 
change in the temperature of the heater tool 18 substantially 
corresponds to the setting voltage Waveform. 
The output voltage from the subtracter 66, Which is under 

the feeding back control, is ampli?ed by an ampli?er 68 and 
input to the current supply circuit 58. As shoWn in FIG. 3, 
the current supply circuit 58 includes a voltage-current 
convertor 71 With a thyristor unit, and a current supply 
section 73 formed of a transformer, and supplies AC current 
to the heater tool 18 in accordance With the input voltage. In 
FIG. 4, chained line Y schematically represents the AC 
current actually supplied to the heater tool 18. 
When AC current is supplied to the heater tool 18 bay 

means of the control unit 59 and the current supply circuit 
58, the temperatures of the heater tool 18 and anisotropic 
conductive adhesive ?lm 68 rise as shoWn by lines d and e 
in FIG. 5, respectively. As an anisotropic conductive adhe 
sive ?lm, CP7131 obtained from Sony Chemical Corpora 
tion has been used. 
As indicated by line d in FIG. 5, the temperature of the 

heater tool 18 is rapidly raised to 200° C. As indicated by 
line e in FIG. 5, the temperature of the anisotropic conduc 
tive adhesive ?lm is raised to about 80° C., Which is higher 
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than the softening starting temperature T1, i.e., 50° C. Within 
about 0.3 seconds, in response to the temperature rise of the 
heater tool 18. It is preferable that the initial temperature of 
the heater tool 18 is set to be higher than the softening start 
temperature T1 of the anisotropic conductive adhesive ?lm 
and loWer than the thermosetting (hardening) end temperate 
T3. Depending on the type of the anisotropic conductive 
adhesive ?lm, the initial temperature of the tool 18 is set to 
be 40 to 100° C. 

In this invention, a softening start temperature T1 is a 
temperature at Which the anisotropic conductive adhesive 
deforms after initially deforming, and is measured under the 
pressure of 5 Kg/cm2. In this embodiment, the softening 
start temperature of the anisotropic conductive adhesives 
?lm Was 50° C. 

Based on the setting voltage Waveform, the temperature 
of the heater tool 18 sloWly rises from 200° C. to 270° C. 
Within 3 seconds. Thereafter, the temperature of the heater 
tool 18 is maintained 270° C. for about 17 seconds. In 
accordance With the temperature of the heater tool 18, the 
anisotropic conductive adhesive ?lm is gently heated to 180° 
C. corresponding to the thermosetting end temperature T3, 
and then maintained at this temperature for about 17 sec 
onds. 

In this embodiment, the anisotropic conductive adhesive 
?lm is heated to the thermosetting end temperature Within 3 
seconds, as described above. HoWever, this rising time can 
be changed by adjusting the time constant so as to change 
the slant of the inclined region c in the setting voltage 
Waveform. 

For example, in a range in Which shifts betWeen the array 
substrate and the TCP does not occur, the rising time may be 
shorter or longer than 3 seconds. HoWever, if the slant of the 
inclined region c is reduced so as to extend the rising time, 
the period of thermocompression bonding time increases. 
Thus, the rising time is desirable to be set as short as 
possible, particularly, to be set in a range of 1 to 5 seconds. 

There Will noW be described a liquid crystal display panel, 
TCP, and driving circuit board Which are to be thermocom 
pression bonded by using the abovementioned thermocom 
pression bonding apparatus. As shoWn in FIGS. 6 to 8, a 
liquid crystal display panel 90 comprises an array substrate 
72 and a opposing substrate 74, Which are arranged to 
oppose each other With a predetermined gap, and a liquid 
crystal (not shoWn) sealed betWeen these boards. A conduc 
tor pattern including signal lines, scanning lines, and the like 
is formed on the array substrate 72, and a large number of 
parallel leads 76 (?rst conductor) electrically connected to 
the conductor pattern are formed on the side edge portions 
of the array substrate With predetermined intervals. 

Each of a plurality of TCPs 78 to be connected to the array 
substrate 72 has a rectangular ?exible printed Wiring board 
80 (to be referred to as an FPC hereinafter), and a driving IC 
chip 82 mounted on the FPC. Also, each FPC 80 has a large 
number of output leads 84 (second conductor) arranged on 
its one end portion, and a large number of input leads 85 
arranged on the other end portion. The output leads 84 are 
electrically connected to the IC chip 82, and are juxtaposed 
parallel to each other at the same pitch as that of the leads 
76 on the array substrate 72. The input leads 85 are electri 
cally connected to the IC chip 82, and are juxtaposed parallel 
to each other at the same pitch as that of leads (not shoWn) 
of a driving circuit board 87. 
A case Will be explained beloW Wherein the TCPs 78 are 

thermocompression bonded onto the array substrate 72 of 
the liquid crystal panel 90, and the driving circuit board 87 
is then thermocompression bonded to the TCPs. 
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As shoWn in FIG. 8, an elongated sheet-like anisotropic 

conductive adhesive ?lm 86 is adhered onto the large 
number of output leads 84 arranged at one end portion of the 
FPC 80 of each TCP. The anisotropic conductive adhesive 
?lm 86 is formed into a sheet shape by dispersing conductive 
particles such as nickel, solder, and the like into, e.g., a 
thermosetting resin. 

Subsequently, as shoWn in FIGS. 6, 9, and 10, the one-end 
portion of each TCP 78 is stacked on the array substrate 72 
to interpose the anisotropic conductive adhesive ?lm 86 
therebetWeen While accurately aligning the predetermined 
leads 76 of the array substrate 72 With the output leads 84 of 
the TCP 78. Thus, they are temporarily bonded. In this state, 
the liquid crystal display panel 90 and the plurality of TCPs 
78 are placed on the stage 16 of the thermocompression 
bonding apparatus. 

The X-Y table 14 is actuated via the operation panel 28 to 
move the stage 16 to a position Where the temporarily 
bonded portion betWeen the liquid crystal display panel 90 
and each TCP 78 aligns With the distal end portion 52 of the 
heater tool 18. Thereafter, the air cylinder 22 is driven to 
move the thermocompression bonding head device 20 
doWnWard, so as to press the bottom surface 52a of the distal 
end portion 52 of the heater tool 18 against the connection 
portion of the TCP 78 from above, and press the TCP toWard 
the array substrate 72. The heater tool 18 applies heat and 
pressure to the TCP 78, array substrate 72, and the aniso 
tropic conductive adhesive ?lm 86, thereby mechanically 
and electrically press-bonding them permanently. 

In this case, the heater tool 18 applies heat and pressure 
as folloWs. As indicated by a curve B in FIG. 11, the 
compression force to be applied from the heater tool 18 to 
the TCP 78 is immediately raised to a predetermined value 
(10 to 20 kg) by the air cylinder 22, and thereafter, the 
compressing state is maintained for a predetermined period 
of time. With this operation, suf?ciently high pressure is 
applied to the TCP 78, anisotropic conductive adhesive ?lm 
86, and array substrate 72. 
The current supply circuit 58 supplies AC current to the 

heater tool 18, so that the temperature of the heater tool is 
immediately raised from the room temperature to 200° C. 
corresponding to the setting value 1 simultaneously With the 
pressure rise, immediately thereafter gently raised from 200° 
C. to 270° C. corresponding to the setting value 2, and 
thereafter, is maintained at 270° C. for a predetermined 
period of time (about 17 seconds), as indicated by a curve A 
in FIG. 11. With this operation, the anisotropic conductive 
adhesive ?lm 86 is continuously heated by the heater tool 18 
via the TCP 78, and its temperature is immediately raised 
from room temperature to a temperature (about 80° C.) 
slightly higher than the softening starting temperature T1, is 
immediately thereafter sloWly raised to a thermosetting end 
temperature T3 (180° C.) via a thermosetting starting tem 
perature T2, and thereafter, is maintained at the thermoset 
ting end temperature for a predetermined period of time, as 
indicated by a curve C in FIG. 11. 

Then, the thermocompression bonding head device 20 is 
moved upWard by driving the air cylinder 22. 

Thereafter, the above mentioned thermocompression 
bonding is repeated as the temperature of the heater tool 18 
is loWered to about the level corresponding to the setting 
value 1, Without Waiting that the temperature of the tool 18 
loWers to room temperature. 

With the above-mentioned operations, the resin of the 
anisotropic conductive adhesive ?lm 86 temporarily softens 
and recedes upon heating and, thereafter, hardens, and each 
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TCP 78 is mechanically ?xed to the array substrate 72. At 
the same time, the conductive particles dispersed in the resin 
of the anisotropic conductive adhesive ?lm 86 are locally 
connected, thus electrically connecting the leads 76 of the 
array substrate 72 and the corresponding output leads 84 of 
the TCP 78. 

Connections betWeen the input leads 85 formed on the 
other end portion of each TCP 78 and electrodes (not shoWn) 
of the driving circuit board 87 are attained by the same 
operations as described above. In this case, solder is used in 
place of the anisotropic conductive adhesive ?lm. Also, a 
pressure of about 4 kg is applied to the heater tool 18. 

According to the thermocompression bonding method 
and apparatus With the above-mentioned arrangement, ther 
mocompression bonding is attained by sloWly raising the 
temperature of the anisotropic conductive adhesive ?lm 86 
from room temperature to the thermosetting end temperature 
T3. Therefore, the anisotropic conductive adhesive ?lm can 
be prevented from abruptly softening and spreading to loWer 
the compression force applied to the TCP 78 upon thermo 
compression bonding. Accordingly, a predetermined pres 
sure can alWays be applied to the TCP 78, anisotropic 
conductive adhesive ?lm 86, and array substrate 72 during 
thermocompression bonding, thereby preventing them from 
suffering positional shifts. As a consequence, electrical 
connection errors betWeen the leads 76 and 84 can be 
prevented, and a stable connecting state can alWays be 
guaranteed. 

Note that the heater tool 18 may apply heat and pressure, 
as shoWn in FIG. 12. First, the compression force applied by 
the heater tool 18 is abruptly raised to a predetermined 
pressure, so as to suf?ciently compress the TCP 78, aniso 
tropic conductive adhesive ?lm 86, and array substrate 72, 
as indicated by a curve B. Subsequently, as indicated by a 
curve A, the temperature of the heater tool 18 is abruptly 
raised up so that the anisotropic conductive adhesive ?lm 86 
is heated to the softening start temperature T1, and 
thereafter, is sloWly raised to 270° C. corresponding to the 
setting value 2. With this control, as indicated by a curve C, 
the anisotropic conductive adhesive ?lm 86 is instanta 
neously heated from room temperature to the softening start 
temperature T1, and thereafter, is sloWly heated to the 
hardening end temperature T3. 

In this Way, since the temperature of the anisotropic 
conductive adhesive ?lm 86 is instantaneously raised to the 
softening start temperature T1, and thereafter, is sloWly 
raised up to the hardening temperature T3, the anisotropic 
conductive adhesive ?lm can be prevented from abruptly 
softening and receding and positional shifts betWeen the 
TCP 78 and the array substrate 72 can be prevented, as in the 
above-mentioned embodiment. Also, since the hardening 
reaction time of the anisotropic conductive adhesive ?lm 86 
corresponds to the duration from the hardening start tem 
perature T2 to the hardening end temperature T3, the time 
required for thermocompression bonding can be shortened. 

Note that the present invention is not limited to the 
above-mentioned embodiment, and various modi?cations 
may be made Within the scope of the invention. For eXample, 
the thermocompression bonding method and apparatus 
according to the present invention can be applied not only to 
thermocompression bonding betWeen the TCPs and the 
array substrate but also to thermocompression bonding 
betWeen other electronic components. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
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10 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A thermocompression bonding method for electrically 

and mechanically connecting a conductor of a ?rst electronic 
component and a conductor of a second electronic compo 
nent by thermocompression bonding the conductors of the 
?rst and second electronic components via a thermosetting 
type anisotropic conductive adhesive, the method compris 
ing: 

a step of stacking the conductors of the ?rst and second 
electronic components to each other With interposing 
the thermosetting type anisotropic conductive adhesive 
therebetWeen; 

after said step of stacking, a ?rst step of applying pressure 
and heat to the anisotropic conductive adhesive via one 
of the ?rst and second electronic components to heat 
the anisotropic conductive adhesive to a ?rst tempera 
ture betWeen a softening start temperature and a hard 
ening start temperature of the anisotropic conductive 
adhesive; and 

a second step, performed immediately after the ?rst step, 
of heating the anisotropic conductive adhesive continu 
ously Without a decrease in temperature from the ?rst 
temperature to a hardening end temperature of the 
anisotropic conductive adhesive; 

Wherein a period of time for heating the anisotropic 
conductive adhesive to the hardening end temperature 
in the second step is longer than a period of time of 
heating the anisotropic conducive adhesive to the ?rst 
temperature in the ?rst step so as to prevent melting and 
receding of the anisotropic conductive adhesive in the 
second step, thereby preventing positional shifts 
betWeen the ?rst and second conductors of the elec 
tronic components. 

2. A method according to claim 1, further comprising a 
step of maintaining the anisotropic conductive adhesive at 
the hardening end temperature so as to harden the anisotro 
pic conductive adhesive, after the second step. 

3. A method according to claim 1, Wherein the ?rst 
temperature is in a range of 40 to 100° C. 

4. Amethod according to claim 1, Wherein the second step 
is performed in a range of 1 to 5 seconds. 

5. Amethod according to claim 1, Wherein, in the ?rst and 
second steps, the anisotropic conductive adhesive is heated 
by a thermocompression bonding head for generating Joule 
heat in accordance With a current supplied thereto. 

6. A method according to claim 5, Wherein the thermo 
compression bonding head includes temperature detecting 
means for detecting temperature, further comprising: 

supplying a current to said thermocompression bonding 
head in accordance With a detection output of the 
temperature detecting means. 

7. A method according to claim 1, Wherein the conductor 
of the ?rst electronic component is mounted on a glass 
substrate for a liquid crystal display device. 

8. A method according to claim 1, Wherein the conductor 
of the second electronic component is disposed in a tape 
carrier package. 

9. Amethod according to claim 1, Wherein the anisotropic 
conductive adhesive is formed of a thermosetting resin ?lm 
dispersed With metal ?ne particles. 

10. A method according to claim 1, further comprising a 
step of applying pressure to the anisotropic conductive 
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adhesive via one of the ?rst and second electronic compo 
nents to temporarily bond the ?rst and second conductors, 
before the ?rst step. 

11. A thermocompression bonding method for electrically 
and mechanically connecting a conductor of a ?rst electronic 
component and a conductor of a second electronic compo 
nent by thermocompression bonding the conductors of the 
?rst and second electronic component via a thermosetting 
type anisotropic conductive adhesive, the method compris 
ing: 

a step of stacking the conductors of the ?rst and second 
electronic components to each other With interposing 
the thermosetting type anisotropic conductive adhesive 
therebetWeen; 

after said step of stacking, a ?rst step of applying pressure 
to the anisotropic conductive adhesive via one of the 
?rst and second electronic components by using a 
thernocompression bonding head for generating Joule 
heat in accordance With a current supplied thereto, and 
heating the anisotropic conductive adhesive to a tem 
perature betWeen a softening start temperature and 
hardening start temperature of the anisotropic conduc 
tive adhesive by heating the thermocompression bond 
ing head to a ?rst temperature; and 
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a second step, performed immediately after the ?rst step, 

of heating the anisotropic conductive adhesive to a 
hardening end temperature of the anisotropic conduc 
tive adhesive by controlling the current applied to the 
thermocompression bonding head so as to heat the 
thermocompression bonding head continuously With 
out a decrease in temperature from the ?rst temperature 
to a second temperature Which is higher than the ?rst 
temperature; 

Wherein a period of time for heating the anisotropic 
conductive adhesive to the hardening end temperature 
in the second step is longer than a period of time of 
heating the anisotropic conductive adhesive to the ?rst 
temperature in the ?rst step so as to prevent melting and 
receding of the anisotropic conductive adhesive in the 
second step, thereby preventing positional shifts 
betWeen the ?rst and second conductors of the elec 
tronic components. 

12. A method according to claim 11, Wherein the second 
step is performed in a range of 1 to 5 seconds. 

13. A method according to claim 11, Wherein the current 
to be applied to the thermocompression bonding head is 
controlled based on a setting voltage Waveform. 

* * * * * 
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